A role for acetylcholine (ACh) in cognitive processes was demonstrated more than 50 years ago, even before ACh was revealed as a bona fide neurotransmitter. The physiological actions of ACh are initiated by binding to two distinct classes of plasma membrane receptors: nicotinic ACh receptors (nAChRs) and muscarinic ACh receptors (mAChRs). The nAChRs are ionotropic ACh-gated cation channels while the mAChRs are G protein-coupled receptors.
Cholinergic fibers originating in the basal forebrain ramify throughout the neocortex, hippocampus, basolateral amygdala, and olfactory bulb. Agonists of mAChRs, or cholinesterase inhibitors that elevate ACh levels in the brain, increase attention and improve cognitive functions. In humans as well as in rodent models, blockade of mAChRs by drugs such as scopalamine produces an array of profound deficits in attention processing, memory acquisition, and memory consolidation (Hasselmo and McGaughy, 2004) . In addition, mAChRs are therapeutic targets in various diseases. For example, there is a selective loss of cholinergic neurons in Alzheimer disease, and systemic administration of cholinesterase inhibitors improves cognitive function. Antimuscarinic agents are also widely used for the treatment of Parkinson disease.
Hippocampal CA1 neurons receive cholinergic input onto basal dendrites in stratum oriens. Cholinergic neurotransmission underlies a slow synaptic potential that is due to suppression of K + conductances (Nicoll, 1985) . In addition, stimulation of cholinergic fibers facilitates population spikes, and activation of mACh receptors increases synaptic transmission at Shaffer collateral-CA1 synapses (Markram and Segal, 1990b) . Activation of mACh receptors also modulates the induction of long-term potentiation (LTP) that is thought to represent one of the cellular processes underlying learning and memory. Cholinergic stimulation elicits an oscillatory theta rhythm in the hippocampus that occurs during periods of learning (Winson, 1978) , and during these oscillations, synapses can be modified by an otherwise ineffective stimulation. Indeed, results from in vivo recordings as well as in vitro brain slice studies suggest that ACh enhances LTP (Ovsepian et al., 2004; Shinoe et al., 2005) . Of the five mAChR subtypes, a great deal of attention has been focused on M1 receptors. These are the most abundant in the hippocampal formation, and they are especially enriched in area CA1. M1 AChR null mice have significant impairments in working memory and consolidation (Anagnostaras et al., 2003) , and stimulation of cholinergic fibers does not enhance LTP.
At the cellular level ACh (Markram and Segal, 1990a) or M1 agonists (Sur et al., 2003) increase, while M1 antagonists decrease (Marino et al., 1998) , NMDA receptor currents in CA1 neurons. M1-type mACh receptors couple to Gq, increase phosphatylinositol turnover, activate phospholipase C, mobilize Ca from intracellular stores, and activate protein kinase C. However, the pathway between M1 activation and increased currents through NMDARs has remained unknown. Nevertheless, activation of M1 receptors and subsequent potentiation of NMDAR currents could provide a crucial mechanism by which cholinergic input to the hippocampus influences cognitive function.
Several voltage-and Ca
2+
-gated ion channels affect excitatory synaptic responses. Among these are SK2 channels, K + channels that are activated solely by intracellular Ca 2+ ions and are selectively blocked by the peptide toxin, apamin (Kohler et al., 1996) . In CA1 neurons, SK2 channels are expressed in the postsynaptic density of dendritic spines, close to NMDARs (Lin et al., 2008) , where they are activated by synaptically driven Ca 2+ influx through NMDARs or CaV2.3 channels (Bloodgood and Sabatini, 2007; Ngo-Anh et al., 2005) . Synaptic SK2 channel activity repolarizes the spine membrane, reducing the EPSP, attenuating the unblock of NMDARs by external Mg 2+ ions, and thereby reducing the spine Ca 2+ transient (Ngo-Anh et al., 2005) that is crucial to the induction of synaptic plasticity. Thus synaptic SK2 channels serve as an endogenous ''brake'' for NMDARs. Indeed, blocking SK2 channels with apamin facilitates the induction of synaptic plasticity, and transgenic mice that overexpress SK2 have impaired LTP. Consistent with this synaptic function, systemic application of apamin facilitates hippocampus-dependent memory encoding (Stackman et al., 2002) , and SK2-overexpressing mice are severely impaired in hippocampus-dependent learning (Stackman et al., 2002; Hammond et al., 2006) . Ca 2+ gating of SK2 channels is endowed by coassembly of the pore-forming channel subunits with calmodulin (CaM), which is constitutively bound to the intracellular C terminus of each SK subunit (Xia et al., 1998 (Allen et al., 2007) . Therefore, SK2 channels in spines do not have an absolute Ca 2+ sensitivity, but rather their Ca 2+ sensitivity is itself activity dependent. In this issue of Neuron, two groups, Giessel and Sabatini (2010) and Buchanan et al. (2010) , report that in CA1 neurons M1 AChR activation does not work through direct modulation of NMDARs. Rather, M1 activation decreases SK channel activity, thereby increasing synaptic responses. While both groups agree that SK channels are the culprits, they come to different conclusions about just how SK channel activity is decreased by M1 receptor activation. Giessel conditions. This process of elimination focused attention on SK channels as a possible target for mAChR signaling. A population of SK channels in CA1 neurons can be activated by Ca 2+ influx evoked by somatic step depolarization and is revealed as an outward current upon repolarization. Indeed, the SK currents activated by this method were virtually occluded by oxo-m. For testing whether the Ca 2+ sensitivity of these SK channels was altered by oxo-m, SK channels were activated by increasing durations of laser pulses in cells filled with a photosensitive Ca 2+ chelator, NP-EGTA, an elegant way to construct a relative Ca 2+ dose-response relationship for the SK channels. The results showed that oxo-m reduced the Ca 2+ sensitivity of the SK channels. But does this occur in spines, and if so, does the decreased Ca 2+ sensitivity require CK2 activity?
These questions were addressed by using weak synaptic stimulations to activate only spine SK channels. In contrast to control conditions, apamin had no effect on EPSPs when applied after oxo-m. Finally, the CK2 antagonist, TBB, prevented the oxo-m induced increases of uEPSPs and spine Ca 2+ transients leading the authors to conclude that M1 AChR activation increases CK2 activity that reduces SK2 Ca 2+ sensitivity. Buchanan et al. took advantage of a recently discovered M1-selective agonist, 77-LH-28-1. Previously, this group had shown that a theta burst pairing (TBP) protocol that pairs subthreshold EPSPs evoked by Shaffer collateral stimulations with back-propagating action potentials fails to induce LTP in CA1 neurons. However, in the presence of 77-LH-28-1, or by shocking cholinergic fibers in stratum oriens prior to TBP, robust pathway-specific LTP was induced. Given that previous reports had shown that mAChR activation increases currents through NMDARs (see above), the effects of muscarinic agonists on NMDAR currents were examined. They found no effect when measured at +40 mV ( Regardless of whether it is CK2/PP2A or PKC, or possibly both, the M1 signaling pathway originates in spines on basal dendrites in stratum oriens and affects SK channels in spines on the apical dendrites in stratum radiatum. Interestingly, both groups show that upon M1 activation, SK channels that are activated by step depolarization in somatic voltage clamp are suppressed. As this probably represents more than just synaptic SK2 channels, is PKC or CK2/PP2A activity globally affected by M1 activation, or is specificity for SK channels engendered by an as yet unknown mechanism? Future work will undoubtedly clarify the roles of PKC and CK2/PP2A in M1 signaling through SK channels. Nonetheless, the results from both groups focus attention on synaptic SK channels and their roles in shaping neurotransmission, synaptic plasticity, and cognition.
